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SUBJECT: Research Progress ana Forecast Report ior Contrazt
F49620-84-C-0079, "Adaptive Grid Generation Using Elliptic
Generating Equations with Precise Coordinate Controls"

Dear Captain Thomas ard Dr. Wilson:

ThiB letter constitutes the required report on the sub-
* ject contract. Generally, progress continues to be excellent.

The topical headings below follow those in our proposal.

1. Use of Smbolic Manipulation.

The use of computer Symbolic Manipulation to perform the
- theoreticaj manipulations for the several variational formuja-

tions and to prcduce the Fortran sub-outines for numerical wor[

continues to be productive. We are in the final staces o+
developing a "toolkit" o9 Symbol Manipulation codes for varia-
tional grid generation. and we will be presenting an inviteo

, paper on this work at an Artificial Intelligence session at the
,. AIAA Aerospace Sciences Meeting this January in. Reno. (This
. work is also partially sponsored by ARO.)

2. Variational Formulation and Reference Grid Definitior..

A summary paper on variational grid generation prin-
ciples, with several variational formulations, has been preparea

* and submitted for publication.

3. Variational Formubation in Logical Space rather than

Physical Space. 85 9 10 (j88
Approved for publie relaase
distribution unlimited



This fundamental departure from the historically popular

approach. as described previously. We have now re-interpreted
the "smoothness" operator in logical space, and find that it
really is more meaningful to view it as a constant segment

length condition. This interpretation clearly indicates why
folding occurs with this formulation and the more common

smoothness in physical space, and further suggests a cure +or
the folding which involves the judicious use of our "reference
grid" approach. The key is that the segment length specifiction

*" should vary with the region boundarxes,in an easily prescribec
way. We are expecting this approach to significantly i.mprcve
the grids obtained with logical space "smootting" vai -a-ional
principles; testing and validating of this concept and tne other

varitional formulations will occur in the next reporting pe;-iod.

Our work on the unexpected folding of the Wins]ow (hemo-

qeneous Thompson-Thames-Mastin) method (which supposedl, alw3,s
gi yes a non-folded grid generation in 2D because of the Ma; sIurn
principle of the homogeneous equations) was r-ecIvez . w.tn
considerable interest at the AIAA Computatianal FuiLd D-Yami -

Meetina in July. The analysis was based on tr.e closo. Crr.
solutions for minimal grid reslutions, i.e. a 37x ori. 4'e
hav'e applied this approach more e:tensively now, to analyze not

(n:v the folding of the Winslow method, but also the foldin,: c{
variatlorali produced grid generation equatiors. The anazYs: s

ha_ staqqested practiczl values of relative weighting parameters
for the vat is variational eouations, and numerical ex.eniier-

-ation in finer grids indicates that the values so obtained ire
indeec practica:. A summary paper on these results has been

submitted +or publication. This work has also showr that
variational volume control alone does in fact produce a uniue

vstem of ecuations in the minimal grid resolution. contrar' to
the tnecrem cited by Brackbiil and Saltman. We are wort:ir.g or

a c.rrect interpretation of these conflictinc results.

4. Solution Procedure Minimizing Storage Recuireaent-
and/or Ar~thmetic Operations

Ttis st-atecy involves a solution formulation ir -. :r
t Ie matri equat i On is expressed as e variables--sepa at.e
ef liptic operator, with a nonhomogeneous ter. which incL,3jes a 1

the nonlinearities and non-separable coefficients. T-.
performance has been excellent, provided that the qrid cen ea-
tion parameters are such as to generate a gooc gric. We ,6aVE

incorporated this formulatior irto a sin gle equation mzl:tigri
(FAS) algorithm, wit!i improved convergence rates for tine mesr

. cal cul at ions.

This work led to a consideration of sub-gr c and

* super-grid coefficient generation for "black box" multigrid

" codes which has been fruitful. A concept evolved for generation

of sub-arid coef-icients given only the discretizatior cn the
- fine arid, without reference to or knowledge of the under I"il',

continuum equations. The concept was further extended in ttc
opposite direction, allowing primitive coefficient qeneratiC,7 or.
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something less than the finest grid of interest, followed by an

economical Iprolongation" to the finer grids. The concept is
most applicable to systems wherein the cost per node point of

, generating the coefficients is high, precisely the case with the
variational formulations. It is expected to result in a savirgs

by a factor of 5 (limit 8) for 3D grid generation. The work was
presented at the Second Copper Mountain Multigrid Conference in
March, and interest was high from attendees including A. Brandt,

J. Dendy, and U. Trottenberg.

5. Collaborative Wor: with Dr. Eisemar.

Collaboration with Dr. Eisenan continues to be "u te
helpful. We have enjoyed discussions with him prior to ar.n

darinn the AIAA CFD Meeting in Cincinnati this J-IJ'.
Discussions have covered a wide range of topics related to grid
gene-ation; particL-larly noteworthy are the topics of thm
uniqueness o4 the varitional volume control equations (see

above), surface and curvature variational formulations, cOmpL,-
tira and graphics needs and capabilities, behavioural erro-s

such as grid folding and jacobian positivity, evaluation -f
competing grid gene -ation concepts, judging grzd qusl:.ty. anQ
his owr approach of iterative re-di stributio or, Of secmEr.t

lenaths. We will be making a trip to visit him at Columbia this
snrinc. and will p-ovide him with our codes and assistance ir
instEliing them at his facility.

6. Interest from Air Force Weapons Laboratory.

We have not heard any more fromn AFWL personnel t-.ere i,

Albuqueraue who had previously expressed interest in contrazting

to create a PC version o. some of our grid generation mathods.
We will be meetirg it, mid-AuoLst to discuss future funding for
o-ir conrt n ed deve:opment of the ELF electrode design codes, ant
we will re[ueS.t funds to incorporate our new variational mEtho.
a.-,. mL]itiarid techniques ,developec under the sutject contract

;,to the 2D and 3D ELF codes.

Publicat ors Partially Supported Under the FreseFt
Contract.

7.1 Symbolic Manipulation and Computational Fluic Dy;iam2c .

Stanlv Steinberc and Patrick 3. Roache. Jour. Cc1mut.f-ior
• Vol. 57, No. 2, Jan. 1985, pp. 251-284.

7.2 "Application of a Single-Eoiation MG-FAS Solver to Elliptic
Grid Generation Equations (Sub-grid and Super-grid Coefficient

*' Generation)', Patrick J. Roache and Stanly Steinberg, Proc.
Second Copper Mountain Conference on Multigrid Methods, 1-i.
April 1985, Copper Mountain, Colorado. To appear.

7.3 "Variational Grid Generation", Stanly Steinberg and Fatric,.
3. Roache, submitted for putlication to Numerical MethocS 'or
Partial Differentia; Equations.

7.4 "A Tool 3it of Symbolic Maripulation Programs for Varia
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tional Grid Generation", Stanly Steinberg and Patrick J.
Roache, AIAA Aerospace Sciences Meeting, 6-9 Jan. 1986, Reno.
Nevada. To appear.

7.5 "A New Approach to Grid Generation Using a Variational
Formulation", Patrick J. Roache and Stanly Steinberg, AI'A
-85-1527-CF, Proc. AIAA 7th Computational Fluid Dynamics Confer-
ence, 15-17 July 1985, Cincinnati, Ohio.

7.6. "On the Folding of Numerically Generated Grids", Josc

Castillo, Stanly Steinberg and Patricl J. Roache, submitted to
Applied Mathematics and Computation.

7.7 "Electric Field Calculations Usinq the ELF Codes". M. ,,n
Dadelszen, W.M. Moeny and Patrick 3. Roache, Proc. IEEE F.L7BeC
Power Conference, Crystal City, DC, lC-12 June 1985. To a.ppa-.

7.8 "The ELF Codes: Electrode Design for Lasers and Switches".
Fatrici.: J. Roache, Invited Paper, Proc. CTAC-85 Confererce,
Melbourne, Australia, 25-28 August 1985. To appear.

S. Presentations Partially Sup;orted Unde- the Fre-.ent
Contract.

8.1 "Symbolic Manipulation and Computational Fluid Dyr.-s .
Fatric[ J. Roache. Mechanical Engineering Seminar, Urivcs... -
Calli-crnia at Davis, 2 May 1985.

8.2 "Symbolic Manipulation and Computational Fluid E' a r:s"

PFatrick J. Roache, Applied Mathematics Seminar, San-:s Nat-oral
Laboratories Livermore, Livermore, California, 7 Mv 195.

8. 7 "Var i at i onal Grid Generat-Aon", Stanly Ste-nberg, ppieJ
* Mathematics Seminar. Sandia National Labo--atories L-vemc:rf.

"_2ver-more. Caliornia. 14 May 1985.

F.4 "A. New Approach to Grid Generat:or, Jsing a Var:aors
Formulatior", Patrick J. Roache and Stanl, Stea.nberg. AIAi th
Cornpitat i.onal Fluid Dynamics Conference. 15-17 Juiy i9E5.

. .-ircinnati Ohio.

(f',ture presentations,

E.5 "The ELF Codes: Electrode Design icr -aers a o witz-es.
Fevnote LectUre, Patrick J. Roache. Co.cOL.t;tiora. Tecnr.is a.c

" Applicatons Conference, Royal MeIbou'-ne Institute o4 lec-h

logv, Melbourne, ALIstr~lla. 25 28 August 1985.

8.6 "A Tool 1:..it of Symbolic Manipulation Programs ior Varia-
tional Grid Generation". Invited Paper, Starly Steinberg. AIAl

*" Aerospace Sciences Meeting, 6-9 Jan. 1986. Reno, Nevada.

9. Design Optimization

-4-

**. %* * : ~.*,. * .*. ***



L In regard to my future work on design optimizat:on
utilizing the ELF codes, my visit to AFOSR on 18 July was most
helpful. The pre-publication paper of Polak's providec by Dr.
Mark Jacobs proved to be just what I need. I have contacted
Pola[ and he has been receptive to investigating the use of his
algorithms for the electrode design problem. We had scheduled a
visit for me to Berkeley in August, but I will have to cancel
because of the press of final report preparation on another
contract, and my visit to Australia. I may not be able to visit
him until October (due to jury duty in September) but ' ce'--

nitely will pursue this.

10. Compiter System Purchase

Vernita Slater of AFOSR says that I may ex.pect the
computer mone in late August. I very much appreciate ycLur ,ote

of confidence.

I did not receive the requested funding from ARC for tce
rest of the system I hao describeC in my Request for Acditiona'
Equipment Purchase of 7 February 1985. The mathematics peopie
at ARO were wiiing. but ARC policy prohibitec it for leoae

reasor. ARL is wialinq to charge the contract for t:e
increasEc operatinC costs if Ecodynamics woild purchase the rest
r- th? system, but this will cause great accoL:nzi ,q
Cifftci;itaes. ard we would Iikely run afoul of DLAA auditinc
Vreg ; at, ons.

Further, the ccst of the MicroVa., II is not as attractive

as I har tee. led to brlieve. The hardware costs are close tc
fhe estimate; ] hav been given. but the software costs are

C;t I ardx sn. DEC wants $7K (after discount) for the VS

- ipe-atir-Q syster. and documentation, and another $71.. for UNiX.

". 'Y contrast, the SUN microsvstem (which Prcf. Stmi.nerc
, is now getting up at the university) is lower in cost Tz -
*" harcware. and includes UNIX (Berkeley 4.2). Fortran 77, FascF..

, ard Core Graphics Software for no extra cost.
• . discounted price for the SUN is only slicht.y over thr 2
" requested from AFOSR, and Ecodynamics can imaI:e L. tT

difference. The present SUN based on the virtual memo.- v
bit MC 68010 is faster than the MicroVax , and the Upcrad& toU

I the full .2 bit MC 68020 (available in November) is expecte- -+
be somewhat faster than. the MicroVax II. Si:ye ss eis " s

bringing out their Warrior array processor. a 15 Meg.fI o4_ d av:ce

for S12|<, including a 1024 FFT: their two primary ta-get
• computers are the MicroVax; II and the SUN. (I woLId seel-

- additional funding, probably 'rom AFJL, For the array
processor.) I have also investigated (with consulting frow
Professional Computer Consultants of Albuquerque) two alterna-

o- tive systems, thie AT&T UNIX 7300 and the IBM AT with the DSI-32

. co-processor. Althouah both are cheaper than the SUN, the SUN
appears to be oreferable.

The only advantage le~t to the VAX is compatibility to

the VAX world, which may not be worth the price. Also, the SUN

. . . . . .
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compatibility with Steinberg's system would be ar advantage.

Note also that Prof. Polak at Berkeley has a SUN, Los Alamcs
Labs have adopted SUN as their standard workstation, ana Dr. N.

L. Rappagnani at AFWL uses a MC 68000 machine with BcErieley 4.?

UNIX for his grid generation work.

If Steinberg's experience is positive, I will probably te
requesting a change in my previous Request For Additional Eauip-

ment Purchase from the MicroVax 11 to the SUN System 2/130.

hank you both for VoL'r continuec support.

Respectfuliy,

Di. Patrict 3. RoJ. he
President ana Principal InvestLgat_ r

--



i ir1 W.( O~AT no(1 AW NM

FILMED

10--85

DTIC


